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CHROMATOGRAPHIC COLUMN SEAL 

The present invention relates to a seal for a flow distributor in a chromatographic column. 
More particularly, it relates to a positively engaged seal that is released with pneumatic or hydraulic 
pressure. 

Background of the Invention 

Chromatography columns are generally formed of three basic components, a column 
body, typically in the form of a hollow cylinder; a bottom plate which seals off the bottom of the 
column and which typically includes an outlet from the column bottom and a top plate. At least one 
plate is movable within the column. Typically it is the top plate that is designed to move within the 
interior of the column body and seal against the inner walls when in place. Between the bottom 
and top plates one places a media used to remove the desired components from a fluid stream. 
The top plate is moved to be against the top of the media and often is used to slightly compress the 
media to form a fixed bed. The outer edge of the top plate contains a seal that forms a liquid tight 
seal between the top plate and the inner wall of the body so that no fluid escapes. It also contains 
an inlet into the space between the top and bottom plates. Both plates also have a screen or frit 
that is closest to the media so as to separate the inlet and the outlet from the media itself and to act 
as a flow distributor to ensure even flow of the fluid through the bed of media. 

The seal on the movable plate has been one of two designs. The first is an inflatable seal 
that, once the plate is in the desired position, is inflated with compressed air to expand the seal and 
form a liquid tight arrangement between the inner wall and the plate. When it is desired to move 
the plate, the pneumatic or hydraulic supply is removed and the seal deflates so as to allow room 



between the inner wall and the seal. This clearance is enough to allow the plate to move 
unhindered see U.S. 6,139,732 for example. 

Problems with such seals are many. If the air or hydraulic supply is cut off during use of 
the column, the seal deflates and the bed is disturbed with loss of fluid around the deflated seal. 
Not only is the batch ruined (with the loss of product), the column now must be taken apart and 
sterilized and repacked before it can be restarted. 

Additionally, the seals being elastomeric and inflatable are by their nature semipermeable 
and tend to lose air to the bed over time. This introduces air into an otherwise closed environment 
and reduces the efficiency of the column by blocking certain areas of the bed from fluid flow and/or 
drying out the media (rendering it inactive). For hydraulic pressurized seals there is a concern that 
in the event of rupturing the hydraulic fluid may cause contamination. 

Also, such seals tend to wear quickly causing frequent downtime for maintenance. 

Lastly, if the air or hydraulic pressure is not properly regulated, the seal can be overinflated 
and caused to tear or burst. 

The other alternative is to position the seal above the flow distributor and have a second 
plate portion located above the seal. The flow distributor and second plate portion are capable of 
moving relative to each other by a series of threaded rods. In the unsealed position, they are at a 
position furthest from each other. Once the flow distributor is at the desired position, the two 
pieces are moved relative to each other to compress the seal between them, causing it to expand 
outward and form a liquid tight seal with the inner wall. Typically, this is arranged by moving the 
second plate piece toward the flow distributor see U.S. 6,132,605 and EP 3476996 A2 for example 

Seals of this type are slow to activate and deactivate. Moreover, they can be easily over- 
compressed causing damage to the seal and other column components. What is desired is a seal 
that can have infinite adjustability so that it is not over compressed and can be set such that it is 
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possible to dynamically adjust the seal in a longitudinal direction. (As maybe required for certain 
packing operations). 

Additionally, as relative motion between the two components is the force for creating the 
seal it has been found that the flow distributor often is moved away from the bed creating a gap 
which disturbs the flow characteristics of the column. 

A preferred embodiment would be to have a single point for actuation of the seal which is 
both more convenient and less prone to manual error than having multiple points of actuation equi- 
spaced about the circumference as is taught by the existing art. However when the diameter of the 
column is in excess of 20cm, it becomes increasingly difficult to engineer a single point manual 
actuation of the seal. 

What is needed is a sealing device that is easily activated and deactivated and which is an 
improvement over the existing seals. The present invention is just such a device. 

Summary of the Invention 

The present invention relates to a seal on a movable plate for use in a chromatography 
column. The plate is formed of a flow distributor connected to one or more movement rods that 
control the movement of the plate with a chromatography column. The plate is formed of two 
pieces, a flow distributor and a seal plate. The seal plate is mounted on top of the flow distributor 
and has a seal that is essentially co-terminus with the outer edge of the flow distributor, The seal 
plate is attached to the flow distributor by one or more pins or threaded bolts. The one or more 
pins contain one or more compression means for biasing the seal plate against the flow distributor. 
An opening is formed in the seal plate for the selective introduction of a pressurized energy source 
such as compressed air, gas or hydraulic fluid. One or more seals are arranged between the seal 
plate and distributor to maintain the pressurized energy source between the two of them. 
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In use, the compression means positively and normally biases the seal plate toward the 
flow distributor causing the seal to be compressed between the seal plate, the distributor and the 
inner wall of the column creating a liquid tight seal. When it is desired to move the plate in the 
column, such as to pack or unpack the chromatography bed, a pressurized energy source is 
introduced through the opening and into the space between the distributor and seal plate causing 
the plate to move away from the distributor and thereby relieving the compression on the seal and 
allowing the top plate to move freely in the column. 

In one embodiment of the present invention, the flow distributor outer edge is tapered as is 
the seal so that they interact with each other. 

In another embodiment, the seal is affixed to the seal plate. 

In a further embodiment, there is a flexible reservoir, such as a contained bladder seal, 
between the seal plate and the distributor. The reservoir is attached to the opening to selectively 
receive and discharge the pressurized energy source. 

In an additional embodiment, the pressurized energy source is compressed air, a 
compressed gas, such as helium or nitrogen, or a hydraulic fluid such as water, oil or an oil-like 
composite used in hydraulic systems. 

In another embodiment, the compression means is selected from springs, elastomeric 
materials placed under load or pressurized gas or hydraulic pistons. 

In the Drawings 

Figure 1 shows a first embodiment of the present invention in cross-sectional view. 

Figure 2 shows a close up view of the first embodiment of the present invention of Figure 1 
in cross-sectional view. 

Figure 3 shows a close up view of the first embodiment of the present invention of Figure 1 
in cross-sectional view. 
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Figure 4 shows a second embodiment of the present invention in cross-sectional view. 
Figure 5 shows a third embodiment of the present invention in cross-sectional view in the 
unsealed position. 

Figure 6 shows the third embodiment of the present invention in cross-sectional view in the 
sealed position. 

Detailed Description 

Figure 1 shows a first embodiment of a movable plate 1 according to the present invention. 
In this embodiment the plate is described as being the top plate in a column. However, it equally is 
useful as the bottom plate when one wishes the bottom plate to be capable of movement or it may 
be used as both the top and bottom plate when one desires to make a column having two movable 
plates. 

The flow distributor 2 is attached to one or more movement control rods 4, in this example, 
one central rod, by a retention plate 6. As shown, one or more bolts 8 extend the retention plate 6 
and into the top surface of the distributor 2. The rod 4 is also locked to the retention plate 6, in this 
instance by a shroud 1 0 that is part of the retention plate 6 and which traps an extended foot 1 2 of 
the rod 4. The rod 4 is shown as being threaded on its exterior surface. These threads 14 are 
mated to an opposite thread such as a nut that forms a portion of the column outside of and above 
the column (not shown). The rod 4 moves relative to this fixed nut of the device so that the top 
plate 1 may move in to and out of the column. Other means of attaching the movement rod to the 
plate 1 are well known and can be used in the present invention as well. 

As shown, the outer edge 16 of the flow distributor 2 has an angled or tapered upper 
surface 18 of the distributor. The angle formed between the upper surface 18 and the bottom 
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surface 20 may be from about 15° to about 80°, preferably between about 22.5° and about 75°, 
more preferably about 30° and 75°. While an angled edge is preferred as it provides additional 
force to the seal formed with the inner wall of the column (as will be explained below), it is not 
required. 

A seal plate 22 is disposed around the outer periphery of the flow distributor 2. As shown 
in this embodiment, this plate 22 is in the form of an "L" with its longer surface adjacent the top 
surface of the flow distributor 2 and its shorter leg adjacent the side 24 of the flow distributor. Other 
designs are contemplated and can be used so long as they allow the seal of the present invention 
to be formed and used as contemplated by this invention. 

The plate 22 has a seal 26 attached to its outer, lowermost portion 28. As shown, it is 
preferred that the seal 26 be positively attached to the plate so as to remain with plate 22 during 
movement. In this embodiment, it is held by a keyway 27 in the plate 22 that corresponds to a key 
in the seal 26. Other means to attach the seal 26 to the plate 22 may also be used including 
adhesives, a threaded attachment (preferably from the top of the seal 26 through the plate 22) and 
forming the seal 26 in place on the plate 22. In another embodiment the seal 26 need not be 
attached to the plate 22. 

The plate 22 is attached to the flow distributor 2 by one or more pins 30. As shown, these 
pins 30 are bolts screwed into recesses 32 formed in the top surface of the flow distributor 2. 
Other devices such as a toggle handle on a smooth rod can also be used as well. The plate 22 is 
capable of movement along the pins 30 relative to the flow distributor 2. A compression means 34 
on the pins 30 positively and normally biases the plate 22 against the flow distributor 2. In using a 
pin 30 such as a bolt, one can have infinite variability in adjusting the amount of pre-load force 
imparted by the compression means 34. It also allows one to have a safety feature such that in 
the event of loss of the pressurized energy (explained below) used to bias the plate 22 away from 
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the flow distributor 2 one can still release the seal by unscrewing the bolts, thus relieving the 
normal bias of the seal 26. Also as shown in this embodiment, a cover 35 may be placed over the 
pins 30 and compression means 34 to keep them clean. 

Also shown are one or more seals 36 between the plate 22 and flow distributor 2. A space 
38 is formed between the plate 22 and flow distributor 2 in the area defined between the seals 36. 
This space 38 has an opening 40 that communicates to a source of pressurized energy 42. 
Pressurized energy 42 can be selectively supplied to and removed from the space 38 as desired. 
Also shown in the Figure 1 is a flow tube 44 that extends through the rod 4 to an inlet 46 in the 
bottom surface 20 of the flow distributor 2. A screen or frit 48 extends across the bottom surface 
20 of the flow distributor 2 forming a second space 50 for fluid from the inlet 46 to spread and then 
pass through the screen 48 into the chromatography column. 

Figure 2 shows a partial cross-section of the flow distributor 2 inside a column body 52. As 
shown, the compression means 34 normally biases the plate 22 against the flow distributor 2. The 
seal 26 is compressed against the other angled edge 18 of the flow distributor 2 and the inner 
surface of the column body 52 forming a fluid tight seal. 

As shown in Figure 3 the pressurized energy source 42 has been applied into the space 
38 overcoming the bias of the compression means 34 and causing the plate 22 to move away from 
the flow distributor 2. This causes the seal 26 to move away from the outer edge 18 of the flow 
distributor 2 releasing the fluid tight seal formed between the two elements 22 and the inner wall of 
the column 52. In this condition, the flow distributor 2 is now free to move into or out of the column. 
The pressurizing source enables the operator to adjust the seal from pre-loaded to disengaged 
with infinite adjustability. 

The pin 30 as it is attached to the flow distributor 2 compresses the material and maintains 
that material under compression. It in turn acts upon flow distributor 2 and the seal plate 22 to 
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create the desired seal. The compression means 34 of Figure 1 are shown to be disk springs. 
Other springs, such as helical springs, wound springs and the like may also be used. 

Alternatively, one can use a material that can be compressed and kept in that condition so 
as to apply the desired compression to bias the plate 22 against the flow distributor 2. Such 
materials include, but are not limited to, rubbers and elastomers such as neoprene, butyl rubber, 
EPDM, silicone and urethane. They may be solid or formed as a closed cell foam. Alternatively it 
can be a compressible bag of pressurized gas or liquid. They are typically of a height greater than 
that when mounted to the pin 30 and typically a compression plate such as a compression washer 
is mounted above the compression means to allow the movement of the pin to create a 
compressive force on the compression means and thereby on the plate 22 thereby biasing the 
plate 22 toward the flow distributor 2. In another alternative arrangement, the pin 30 may 
incorporate a piston mechanism such as a gas charged or compressed hydraulic fluid piston. 
Other devices and materials that provide a positive compression may also be used. 

Figure 4 shows a second embodiment of the present invention that is similar to that of . 
Figure 1 except the spring load from pins 30 and compression means 34 is not bom directly to the 
flow distributor 2,but instead the load is transferred to the central rod 4, by a retention plate 6. 

Figures 5 and 6 show another embodiment of the present invention. A flexible reservoir 
100, in this instance a bladder, is contained within the space 38 formed between the plate 22. No 
seals 36 are necessary as the pressurized fluid is contained within the bladder. However, for 
safety reasons, a lower seal 36 is preferably kept to ensure that if a leak occurs, the leak's 
movement is limited and contamination is avoided. 
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